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(57) ABSTRACT 

The present invention is a method and apparatus for increas 
ing the usefulness of visual knowledge in a number of 
applications. It distills the relationships betWeen character 
istics and hypotheses into database form, thereby organizing 
visual information in a manner suitable to aid the user in the 
investigation of the various hypotheses (medical diagnosis, 
pill identi?cation, plant/animal identi?cation, cause of 
death, cause of accident, etc.). The invention sidesteps 
unresolved issues around knowledge engineering by not 
automating a decision making process. Rather, the present 
invention utilizes a relational database to dynamically 
respond to textual and visual ?ndings as an aid to assist a 
user reaching a reasoned conclusion based upon information 
available by direct observation and comparison With stored 
image and textual data. 
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SYSTEM AND METHOD TO AID DIAGNOSES 
USING CROSS-REFERENCED KNOWLEDGE AND 

IMAGE DATABASES 

CROSS REFERENCE 

[0001] Priority is claimed from the following related Pro 
visional Applications, Which are hereby incorporated by 
reference for their teachings: 

[0002] “SYSTEM AND METHOD TO AID DIAG 
NOSES USING CROSS-REFERENCED KNOWL 
EDGE AND IMAGE DATABASES,” Nancy Weyl, 
application Ser. No. 60/275,282, ?led Mar. 13, 2001; 

[0003] “SYSTEM AND METHOD FOR CROSS 
REFERENCED KNOWLEDGE AND IMAGE 
DATABASES TO REDUCE DIAGNOSTIC 
UNCERTAINTY,” Arthur Papier, application Ser. 
No. 60/222,573, ?led Aug. 1, 2000; and 

[0004] “PILL IDENTIFICATION PERIPHERAL,” 
John A. Weyl, application Ser. No. 60/ , ?led 
Jul. 26, 2001 (Dkt. JAW-1P). 

[0005] This invention relates generally to a system and 
method for aiding diagnoses, and more particularly to a 
cross-referenced knoWledge and image database Wherein an 
image-centered database is cross-referenced With textual 
database information to support the investigation of diag 
nostic hypotheses and to narroW and create at least one 
subset of possible diagnoses. 

COPYRIGHT NOTICE 

[0006] Aportion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Of?ce patent 
?le or records, but otherWise reserves all copyright rights 
Whatsoever. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0007] The present invention is a system and method for 
automatically controlling the selection and display of visual 
information to assist a user in testing and/or arriving at 
diagnostic hypotheses. One embodiment of the invention 
may be employed as a visual medical broWser, and is more 
particularly referred to herein as a visual diagnostic system 
(VisualDxTM). The VisualDx system is intended for use in 
patient treatment or care settings to assist users in identify 
ing possible diagnoses based upon a set or constellation of 
patient ?ndings. 
[0008] Although portions of the folloWing description Will 
focus on a particular dermatological application for aspects 
of the invention (Adult Dermatology), it should be further 
appreciated, that various alternative applications for the 
underlying system and components are possible. One such 
alternative application is a system (e.g., emergency medi 
cine) that assists in the identi?cation of pills or other oral 
medications that a patient might present during treatment. A 
similar pill-identi?cation application could be one Where 
laW enforcement technicians use the system as a ?rst line of 
identifying narcotics or other oral medications seiZed during 
an arrest or investigation. 
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[0009] The present invention is intended to be an improve 
ment to paper-based atlases that doctors consult When inves 
tigating possible diagnoses. Similar, visual and textual infor 
mation is presented to users using a computer-driven 
interface that not only speeds access to the information, but 
can also assist the user in the diagnostic process by focusing 
on relevant categories or constellations of ?ndings most 
indicative of the diagnoses. The system is believed to be 
distinguishable from other medical diagnostic system that 
simply seek a set of symptoms and input the symptoms to an 
arti?cial-intelligence engine to create a ranked (by probabil 
ity) list of diagnoses. To the contrary, the present invention 
uses categories or constellations of patient ?ndings, or 
sample characteristics, to provide a combination of textual 
and graphic/image information to the user, so that the user 
may test or revieW a plurality of possible diagnoses Without 
being “lead” to one diagnosis over another. In other Words, 
the present system provides a source of knoWledge (medical 
or other), in multiple forms, that alloW users to test diag 
nostic hypotheses against an image database using patient 
?ndings or sample characteristics. 

[0010] In the visually centered medical specialties (e.g., 
dermatology, radiology, ophthalmology, pathology) physi 
cians hone their ability to classify, correctly identify, and 
relate the visual features of disease to a knoWledge base of 
diagnostic features, criteria etc. Accordingly, an objective of 
the instant invention is a softWare-based schema or strategy 
to assist less experienced medical users in the interpretation 
of visual clues (presentations and/or ?ndings) as they relate 
to diagnostic hypotheses. Both graphical representations, 
draWings and re?ned picture icons (PICONS) are used to 
augment the medical keyWords in the softWare database. 

[0011] One purpose of the present invention is to provide 
near instantaneous access to diagnostically relevant images 
at the place Where they may be used—for example When 
intervieWing a patient. The present system relies upon a 
combinatorial, non-expert system approach to diagnosis or 
identi?cation along With access to related images. Images, 
Whether found under a microscope, on a radiological vieW 
box or a computer monitor, are often signs or indicators for 
diagnoses and diseases. Users of medical diagnostic aspects 
of the present invention are intended to be health-care 
personnel Who need real-time access to data at the point of 
patient care (e.g., outpatient of?ces, emergency departments, 
Walk-in clinics, hospitals, military medical facilities, occu 
pational clinics, long-term care facilities, and telemedicine 
departments). HoWever, the invention may also be used in 
educational or reference-based environments. 

[0012] The present invention, to a signi?cant degree, 
builds upon an innate human ability to match patterns. This 
is the basis for any pictorial handbook or guide, such as in 
?eld guides for plants, birds, animals and atlases in medi 
cine. Moreover, all visual identi?cation problems bene?t 
from user experience and knoWledge. When prior visual 
knoWledge is limited, picture or image “centered” reference 
materials can assist the inexperienced. Paper based, pictorial 
references have a linear structure and do not alloW for 
user-de?ned groupings and matching of pictures. SoftWare 
based image systems offer the possibility of combinatorial 
searching as Well as user-de?ned comparison of possibili 
ties. 

[0013] The visual diagnostic embodiment of the present 
invention, VisualDx, assembles textual and visual knoWl 
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edge, thereby creating the ability to “presort” and display 
images so that a user can more effectively engage in pattern 
matching. These unique functional, organizational and 
graphical display capabilities are useful Within any profes 
sional area Where an individual has to make a visual “diag 
nosis” or identi?cation, or recogniZe a visual feature. 

[0014] It is believed that aspects of the present invention 
have particular relevance Within traditional medicine and 
healthcare industries, including but not limited to: 

[0015] Dermatology 
[0016] Dermatopathology 
[0017] Ophthalmology 
[0018] Dentistry 
[0019] Pathology including all subspecialties, Hema 

tology, renal, neuropathology, etc. 

[0020] Obstetrics/Gynecology 
[0021] Otolaryngology 
[0022] Gastreneterology (Endoscopic images) 
[0023] Surgery (intraoperative images) 
[0024] Urology (Endoscopic images) 
[0025] Pulmonary Medicine (Endoscopic images) 

[0026] Microbiology (cultures, microscopic slides, 
e.g. gram stains) 

[0027] Oral Medicine 

[0028] Patient self-use (diagnose your oWn rash or 
child’s diaper rash) 

[0029] In accordance With the present invention, there is 
provided a system to aid in a visual diagnostic process, 
comprising: an image database; a knowledge database, 
cross-referenced to said image database, for the purpose of 
assisting in the diagnostic process; a user-interface to solicit, 
from a user, a plurality of descriptive characteristics of a 
sample requiring diagnoses; a diagnostic engine, responsive 
to said characteristics, Wherein said characteristics of the 
sample are employed by said engine to identify, from a 
plurality of possible diagnoses, a subset of diagnoses that are 
consistent With the characteristics; and using the subset of 
diagnoses, reorganiZing an information space of said image 
database for concurrent presentation of a plurality of images 
for user revieW via the user-interface. 

[0030] In accordance With another aspect of the present 
invention, there is provided a method for aiding a visual 
diagnostic process, including the steps of: creating an image 
database from a collection of images pertaining to a par 
ticular subject matter; creating a knoWledge database With 
other data related to the particular subject matter, Wherein 
said knowledge database is cross-referenced to said image 
database, for the purpose of assisting in the diagnostic 
process; collecting from a user, through a user-interface 
adapted to the particular subject matter, a plurality of 
descriptive characteristics of a sample requiring diagnoses; 
in response to said descriptive characteristics, identifying, 
from a plurality of possible diagnoses included Within the 
knoWledge database, a subset of diagnoses consistent With 
the descriptive characteristics collected from the user; and 
using the subset of diagnoses, reorganiZing an information 
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space of said image database for concurrent presentation of 
a plurality of images related to the descriptive characteristics 
for user revieW via the user-interface. 

[0031] One aspect of the invention is based on the dis 
covery that general and primary care physicians are often 
ill-informed or lack suf?cient tools and resources to inves 
tigate a plurality or alternative diagnostic hypotheses. This 
discovery addresses problems that arise in traditional patient 
diagnostic situations, Where a medical practitioner is faced 
With ?rst identifying a set of possible diagnoses based on 
symptomatic and other patient ?ndings, and then Working to 
select at least one particular diagnosis for treatment. 

[0032] This aspect is further based on the discovery of 
techniques that can appropriately match relevant visual 
information to unique characteristics of the individual 
patient presentation or sample being analyZed. Apurpose of 
the various embodiments of the present invention is to 
provide near instantaneous access to relevant images at or 
near the place of use of such information. For eXample, 
identi?cation of a street drug Would be useful to both police 
investigators at a crime scene or crime lab, as Well as to 
emergency room personnel. Similarly, coroners may be able 
to employ the present system in assisting With a determina 
tion of the cause of death, perhaps even in close proXimity 
to an examination area, Where comparisons of actual speci 
mens/samples could be made to the images cataloged in the 
system. The present system uses a combinatorial, non-expert 
approach for identi?cation/diagnosis and access to images. 
Visual characteristics or clues, Wherever found, are often 
signs or indicators for identi?cation and/or diagnosis. Time 
critical access to relevant visual clues can be achieved When 
related ?ndings or characteristics are correlated to pro?les, 
then images are preferably displayed as “stacks” or “clus 
ters” Within the conteXt of the inputted ?ndings or charac 
teristics. The display of relevant images in relation to 
various diagnoses, or as a stack of images related to a 
particular diagnosis, alloWs a practitioner to visually com 
pare and contrast the images With their oWn observations of 
the patient, thereby improving the likelihood of an accurate 
and timely diagnosis. 

[0033] The objectives of the present invention include: the 
creation of a streamlined process for acquiring and tracking 
images to assist in diagnosis and identi?cation; to reference 
all items in a knoWledge base to the associated descriptive 
literature; to implement a user-friendly, ef?cient and net 
Work distributed data entry/access system; to capitaliZe on 
netWork connectivity for integrating knoWledge sources; to 
publish images on transportable media and over netWork 
connections for public and private use; to create focused 
subset modules of the knoWledge base to serve critical areas 
of need for identi?cation and diagnostic information (eg 
adult dermatology, fever and rash, pill identi?cation, plant 
identi?cation, etc.). 
[0034] An aspect of the invention is based on the fact that 
professionals lack sufficient tools and resources to investi 
gate a plurality of alternatives When seeking to identify a 
specimen or verify a diagnostic hypothesis. This discovery 
addresses problems that arise in traditional situations, Where 
a professional (doctor, nurse-practitioner, coroner, police 
investigator, etc.) is faced With ?rst reducing the set of 
possible identi?cations or diagnoses to a number With Which 
the professional can Work based upon a set of predetermined 
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characteristics and ?ndings, and then Working to complete 
the identi?cation or diagnosis. 

[0035] One aspect of the present invention is generally 
referred to as a visual broWser and the system is intended for 
use as a tool to assist in the identi?cation of particular traits 
or common visual manifestations and their association With 
data in particular ?elds of investigation (e.g., medicine, drug 
enforcement, etc.). The various embodiments of the present 
invention are intended to be improvements over paper-based 
atlases and incomplete or non-existent databases that doctors 
and other professionals consult When attempting to identify 
a physical element or investigating hypotheses (e.g., diag 
noses). Throughout all of the various embodiments, similar, 
visual and textual information is presented to users using a 
computer-driven interface that speeds access to the infor 
mation, and can also assist in the diagnostic/identi?cation 
process by focusing a user on relevant characteristic catego 
ries or constellations of ?ndings having a likelihood of 
leading to a conclusion (e.g., identi?cation, con?rming a 
diagnoses, estimation of damage, etc.). 

[0036] The techniques described herein are advantageous 
because they can be adapted to any of a number of diag 
nostic situations, Where a practitioner/user is faced With 
making a diagnosis, or similarly testing a plurality of diag 
nostic hypotheses. As a result of the invention a practitioner 
faced With such a situation is aided by image/graphic and 
textual tools that alloW them to consider a range of possible 
diagnoses and to revieW details of each. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is an exemplary block-diagram depicting an 
embodiment of a system in Which the present invention 
might operate; 

[0038] FIG. 2 is a ?oWchart depicting the general steps in 
the creation and use of an embodiment of the present 

invention; 
[0039] FIGS. 3-4 are illustrative examples of a database 
schema that may be employed in implementing an embodi 
ment of the present invention; 

[0040] FIGS. 5-15 are illustrative examples of the user 
interface for a visual diagnostic system implementing vari 
ous features and aspects of the present invention in accor 
dance With an adult dermatology embodiment; and 

[0041] FIG. 16 is an illustrative example of a user inter 
face for a pill identi?cation system for the purpose of 
explaining an alternative embodiment of the present inven 
tion. 

[0042] The present invention Will be described in connec 
tion With a preferred embodiment, hoWever, it Will be 
understood that there is no intent to limit the invention to the 
embodiment described. On the contrary, the intent is to cover 
all alternatives, modi?cations, and equivalents as may be 
included Within the spirit and scope of the invention as 
de?ned by the appended claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0043] For a general understanding of the present inven 
tion, reference is made to the draWings. In the draWings, like 
reference numerals have been used throughout to designate 
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identical elements. In describing the present invention, the 
folloWing term(s) have been used in the description. 

[0044] “User input circuitry” is circuitry for providing 
signals based on actions of a user. User input circuitry can 
receive signals from one or more “user input devices” that 
provide signals based on actions of a user, such as a 
keyboard or a mouse. The set of signals provided by user 
input circuitry can therefore include data indicating mouse 
operation and data indicating keyboard operation. Signals 
from user input circuitry may include a “request” for an 
operation, in Which case a system may perform the requested 
operation in response. 

[0045] An “image” is a pattern of physical light. A “dis 
play” is an image output device that provides information in 
a visible form. A display may, for example, include a 
cathode ray tube operatively driven by a computer opera 
tively connected to it; an array of light emitting, re?ecting, 
or absorbing elements; a structure that presents marks on 
paper or another medium; or any other structure capable of 
de?ning an image in a visible form. To “present an image” 
on a display is to operate or drive the display so that a vieWer 
can perceive the image. 

[0046] A Wide variety of display techniques for data 
processing systems are available including, for example, 
various graphical user interfaces, but, despite their diversity, 
these techniques tend to have certain common characteris 
tics. One fundamental common characteristic is that a dis 
play produces human perceptions. In this application, the 
term “display feature” refers to any human perception 
produced by a display. 

[0047] A “display object” or “object” is a display feature 
that is perceptible as a coherent unity. An “object surface” or 
“surface” is a display feature that is perceptible as a surface 
of a display object; for example, the outer boundary of a 
three-dimensional display object is a surface. A “region” on 
a surface is a bounded area of the surface; for example, a 
single point is the smallest possible region of any surface. A 
“shape” is a display object that has a distinguishable outline; 
for example, a circular display object is a shape. 

[0048] A“structure” is a display feature that includes other 
display features Within it, all of Which appear to be con 
nected into a unitary element of the display or user-interface 
depicted thereon. 

[0049] A “selectable unit” is a display feature that is 
perceived as a bounded display area that can be selected. For 
example, any of the textual links displayed in region 288 of 
the interface screen in FIG. 6. The term “select,” When used 
in relation to a selectable unit, means a user input operation 
that includes a signal from user input circuitry that uniquely 
indicates the selectable unit. The user can, for example, use 
a pointing device such as a mouse to select a selectable unit 
by indicating its position via a cursor on the display and 
clicking a button on the pointing device. In general, a 
selectable unit may take any appearance, and is not limited 
to a visually distinguishable feature or set of features that 
appears to be a coherent unity. 

[0050] A “?nding” is factual data about a patient or 
characteristic associated With a diagnosis. There are tWo 
basic categories for ?ndings. Findings that can be described 
ef?ciently With Words alone are called textual ?ndings, 






























